Integrated parental linkage maps have been constructed in three guava mapping populations ('Enana' × "N", 'Enana' × 'Suprema Roja' and 'Enana' × 'Belic L-207') based on AFLP and SSR markers. Between 102 and 119 AFLP primer combinations (PCs) were analysed in each population, generating between 684 and 1163 segregating AFLP fragments. The distribution of parent-specific and common markers indicated that 'Enana' is less heterozygous than the other parents and that all parents share a considerable gene pool. In addition, between 28 and 171 SSR PCs were analysed for linkage mapping in these populations. Initially parent specific linked fragments were arranged into linkage groups. In all mapping population, 11 linkage groups (LGs) corresponding to the 11 chromosomes of the haploid guava genome were obtained for each parent. Based on the available SSR markers, combined parental linkage maps of each mapping population were produced using as anchor points allelic SSR fragments and common AFLP fragments. These integrated maps contain between 408 and 850 markers and have lengths of 1885 to 2179 cM, respectively. Average linkage group lengths in these maps vary between 160 and 198 cM and contain on average between 37 and 77 markers. Several identical SSR markers were mapped in various progenies, and potential associations of linkage groups from different populations were detected. In the future, the number of common SSR markers has to be increased in order to achieve full alignment of all individual linkage maps into a high-density reference molecular linkage map of guava.
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markers to the AFLP linkage map (see Lepitre et al., 2010) . In addition QTLs for several vegetative traits and fruit characteristics were integrated into the AFLP maps of MP1 (Valdés-Infante et al., 2003; Rodriguez et al., 2007) .
In the frame of the European Commission-funded "GUAVAMAP" project, the number of AFLP and SSR markers which have been analyzed in the above mentioned progeny MP1 and two further mapping populations has been increased tremendously. In this paper we report on the construction of linkage maps for the three populations and analyze possible relationships between linkage groups of different maps.
MATERIALS AND METHODS

Plant Material
Three mapping populations were produced by controlled pollination of three individual trees of the guava cultivar 'Enana Roja Cubana' as the mother (hereafter referred to as 'Enana'), and pollen from cultivars 'N6' (mapping population 1 = MP1), 'Suprema Roja' (MP2), and 'Belic L-207' (MP3). Mapping populations had a size of 100 to 120 progeny genotypes. All three mapping populations were planted side by side at Alquízar (Havana Province, Cuba) under the auspices of the IIFT (Playa, C. Habana, Cuba).
Molecular Methods
Total DNA was extracted from leaf material by a modified CTAB method as described in detail by Ramírez et al. (2004) . AFLP analysis was performed according to Vos et al. (1995) using either 33 P-labelled (detection by autoradiography) or fluorescencelabelled primers (analysis on LiCor or ABI sequencing systems). The details have been described in an accompanying publication (Lepitre et al., 2010) . SSR markers have been massively developed by CIRAD (Risterucci et al., 2005; Lepitre et al., 2010) . SSR analysis was performed as described by Lebrun et al. (2001) . Amplified alleles were revealed by silver staining or using fluorescence-labelled primers with the LI-COR or ABI systems mentioned above.
Data Analysis and Linkage Mapping
Polymorphic DNA fragments were scored for their presence or absence in parents and progeny genotypes. Data processing was performed as linkage analysis between marker fragments, estimation of recombination frequencies, and determination of linear order between linked loci including multipoint linkage analysis described earlier (Ritter et al., 1990 (Ritter et al., , 2003 Ritter and Salamini, 1996) . All details about markers, their nomenclature, and the different parental and integrated linkage maps are available at http://neiker.net/ neiker/guavamap.
RESULTS AND DISCUSSION
Construction of Linkage Maps
Different AFLP and SSR primer combinations (PCs) were analysed in the three guava mapping populations. Table 1 summarizes the resources available for linkage mapping and the polymorphisms detected in each case. The details for MP1 have been discussed in Lepitre et al. (2010) . Similar analyses were performed in MP2 and MP3. From these experiments, 736 AFLP and SSR markers were available for linkage mapping in MP2, and 1237 AFLP and SSR markers were available for linkage mapping in MP3.
Integrated linkage maps (combining the individual maps of both parents) were produced in all mapping populations. In all cases 11 linkage groups (LGs) were obtained corresponding to the 11 chromosomes of the haploid guava genome. Table 2 summarizes the results and characteristics of these maps. The integrated linkage map in MP1 was presented in an accompanying paper (Lepitre et al., 2010 ). An integrated linkage map (Fig. 1 ) of the MP2 mapping population was produced using as anchor points allelic SSR fragments, but also common AFLP fragments having recombination values of zero with individual markers from both parents. This integrated map of population MP2 is displayed in Figure 1 , and contains 326 markers, has a length of 1761 cM, and an average linkage group length of 160 cM (Table 2) . With the inclusion of 27 RF0 markers and 74 associated markers, the final integrated map of this cross comprises 427 markers with an average of 39 markers per linkage group. By the same linkage strategy (using as anchor points allelic SSR fragments and common fragments having recombination values of zero with individual markers from both parents), an integrated linkage map in MP3 was produced. The actual marker number in this integrated map for MP3 is 408 with an average of 37 markers per linkage group.
Location of SSR Markers in Population Maps
Several SSR markers were evaluated in two or all three mapping populations. Table 3 shows the location of mapped SSR markers in populations MP2 and MP3 and their corresponding location in MP1. From the total of 28 SSR primer combinations analysed in MP2, 20 could be integrated into linkage groups. This was also the case for 20 SSR PCs (out of 33) in the MP3 population. For 24 of these SSRs, also map locations in the MP1 population were available.
Certain associations between
LGs of different populations are depicted in Table 3 . For example, all three SSR loci that were mapped to Lg 6 in MP2 are also mapped to Lg 8 in MP1. Moreover, two SSR loci on Lg 8 in MP2 are located on Lg 4 in MP1. Other associations between linkage groups could consist of Lg 2 in MP1 and Lg 5 in MP2 based on SSR marker mPgCIR179 (Table 3) . Also associations between Lg 6 in MP1, Lg 11 in MP2 and Lg 8 in MP3 are possible, as well as associations between Lg 7 in MP1, Lg3 in MP2 and Lg 9 in MP3. However, in many cases SSR markers which are located on the same linkage group in MP1 map to different linkage groups in the other populations. This occurs particularly in MP3 where for example three SSR markers from Lg 1 in MP1 map to three different linkage groups in MP3.
CONCLUSIONS
AFLP and SSR markers reveal sufficient polymorphisms in guava to allow an efficient construction of linkage maps in different genetic backgrounds. An integrated guava reference map with high marker density (850 markers) has been obtained for MP1. In addition, two reduced linkage maps with 427 and 408 markers were obtained in MP2 and MP3 populations, respectively. Therefore, nearly 1700 markers could be integrated into linkage maps of guava with varying genetic backgrounds. The same SSR markers were analysed in two or three mapping populations. In several cases associations between linkage groups can be deduced. However, in other cases these SSR loci map to different genomic locations in different progenies since they target different loci. Therefore, in the future the number of common SSR markers for mapping in populations MP2 and MP3 has to be increased considerably in order to achieve a full alignment of the three maps based on a majority principle. In this way it is possible to obtain a single, high density, integrated reference map in guava. This will allow comparing more efficiently the QTLs location and effects which have been integrated in this map (see Ritter et al., 2010 Legend: nm = not mapped; --= not analysed in the particular population; NB= number of bands revealed by the SSR; DE = descent (P1: parent 1, P2: parent 2, C: common fragment; bands constituting a locus are indicated as text string without blanks); LG = linkage group location (the suffix "a,b" indicates two different loci on the same chromosome; bands corresponding to each locus are separated by "/"). Potential associations between linkage groups of different populations are indicated in bold.
Population:
Figures e Fig. 1 . Integrated linkage map of the cross: 'Enana' x 'Suprema Roja' (MP2). 
